Introduction: L5 spondylectomy for the treatment of spinal tumor is a technically demanding surgery because of the complex anatomy of major vessels, the obscurity of the posterior exposure from the iliac wings, and the increased comparative size of the L5 vertebral body. In this study, we present a surgical technique of L5 spondylectomy, vertebral body removal, and anterior reconstruction for a case with solitary spinal metastatic renal cell carcinoma (RCC).
Introduction
One-third of metastatic renal cell carcinoma (mRCC) patients experience osseous metastasis 1) , most of which involve the spine 2) . Owing to improvements in surgical techniques and preoperative embolization, spondylectomy in spinal mRCC is now considered safe and effective for local control 3) . Moreover, it can prolong the survival of spinal mRCC patients with solitary lesions 4) . Unlike spondylectomy in the thoracic spine, L5 spondylectomy for the treatment of spinal tumors is a technically demanding surgery because of the unique anatomy of the spine. Achieving a wide or marginal margin of a spinal tumor is the goal. Unfortunately, this procedure is associated with a risk of major neurovascular injuries, particularly during anterior vertebral body removal, where it overlays the bifurcation of the common iliac veins. In this report, we present a surgical technique for L5 spondylectomy, vertebral body removal, and anterior reconstruction in the case of a patient with spinal mRCC.
Patients and Methods
A 54-year-old man underwent right total nephrectomy for RCC one year ago. At the one-year postoperative follow-up, computed tomography (CT) scan and magnetic resonance imaging (MRI) revealed a solitary L5 spinal metastasis (Fig.  1) . Two months after the diagnosis of spinal metastasis, the following were performed: a two-stage posteroanterior ap- proach, L5 spondylectomy, and reconstruction with a liquidnitrogen-frozen, tumor-bearing bone mixed with an autogenous bone graft in an expandable titanium cage.
Technical Note
Step 1: Preoperative embolization Right L4 segmental, median sacral, and bilateral iliolumbar arteries were preoperatively embolized two days before the surgery.
Step 2: Posterior Approach
The patient was placed in a prone position. A straight midline incision extending from the L3 to the tip of the sacrum was made. The paraspinal muscles were dissected and then retracted laterally away from the spinous processes and laminae. The inferior articular processes and spinous process of L4 were removed to expose the superior articular processes of L5. The soft tissue attached to the inferior portion of the pars interarticularis was dissected with care to avoid L5 root damage. A T-saw guide was inserted through the intervertebral foramen in the cephalad to caudad direction. A flexible multifilament thread wire (T-saw; Pro Medical, Kanazawa, Japan) was passed through the T-saw guide. The Tsaw was wrapped around the pedicle and clamped with the T-saw holder at both ends, and the pedicles were cut using the reciprocating motion of the T-saw. By this technique, the posterior elements of L5 including the lamina, spinous process, and superior and inferior articular processes were removed in one piece (Fig. 2) . The cut surface of the pedicles was sealed with bone wax for hemostasis and to minimize tumor cell contamination. Thereafter, the dural tube was dissected from the posterior longitudinal ligament and the dural attachment complex. The L5-adjacent discs were removed using a pituitary rongeur and a curette. Cutting lines were made between the pedicles and the transverse processes bilaterally by using a high-speed drill for ease of anterior vertebral body removal. Care was taken not to violate the tumor margin (Fig. 3) . A Gore-Tex Patch (WL Gore & Associates, Inc., Flagstaff, AZ) composed of artificial soft tissue was laid between the dural sac and the L5 vertebral body as a landmark for the anterior approach. Bilateral L3, L4, and S1 pedicle and sacroiliac screws were inserted and affixed to the rods (Fig. 4) . Finally, the right posterior iliac crest bone graft was harvested for anterior reconstruction.
Step 3: Anterior Approach An anterior, midline, transperitoneal approach was performed. The common iliac arteries and veins were dissected away from the L5 vertebral body and the adjacent intervertebral discs (Fig. 5) . The interval space between the left common iliac artery and vein was assessed to perform the L 5 vertebral body removal (Fig. 6) . The bilateral transverse processes were left in place. The excised tumor-bearing bone was immersed in liquid nitrogen at -196 for 20 min, cut into small pieces, mixed with the autogenous bone graft, and packed into a titanium expandable cage. The cage was 
Results

Pathological findings
The pathological findings of the affected vertebrae were consistent with a diagnosis of mRCC.
Postoperative course
Postoperatively, the patient exhibited muscle weakness in the right and left tibialis anterior (TA) muscles (grades 3 and 1) and the extensor hallucis longus (EHL) (grades 3 and 1). Inpatient rehabilitation was started two days after the surgery. The patient was discharged home on postoperative day 38 after the complete rehabilitation program. By the time of discharge, the patient could walk steadily with a cane. Seven months after the operation, the muscle power of his right and left TA improved to grades 4 and 2, respectively, and he could walk independently. Unfortunately, at that time, the muscle power of the EHL had not improved.
At the one-year follow-up after the surgery, radiographic union had been achieved between the bone graft site and the adjacent vertebrae. At the recent 2.5-year follow-up, postoperative radiograph (Fig. 7) and CT scan (Fig. 8) showed well-maintained instrumentation, with a radiographic evidence of a bony union between the adjacent vertebrae and the bone graft. No evidence of local recurrence at the L5 
Discussion
Unlike the spondylectomy of the thoracic vertebrae or L1, which requires only a one-stage posterior approach operation, L5 spondylectomy requires a two-stage posteroanterior approach operation because of the complex anatomy of the major vessels, obscurity of the posterior exposure from the iliac wings, and the increased comparative size of the L5 vertebral body, which may injure the lumbar nerve roots during rolling out posteriorly. At the first stage posterior operation, Gallia et al. 5) reported the case of an L5 spondylectomy wherein all of the L5 posterior elements, including the lamina, spinous process, superior and inferior articular processes, and transverse processes, were removed en bloc; however, the technique was not mentioned in detail. On the basis of our technique, we found that during the posterior approach operative stage, the removal of the transverse processes in one piece and other posterior elements was impossible because of the blockage by the iliac wings. Thus, transverse processes must be removed together with the vertebral body during the second stage anterior operation.
In the past, during the anterior approach, the vertebral body that attaches to the transverse processes through the interval space between the left common iliac artery and vein was removed after the dissection of the L5 vertebral body from the surrounding structures and adjacent discs. This approach required sacrificing the left common iliac vein because the transverse processes could get stuck to the left common iliac vessels, thus leading to uncontrollable vascular injury. Even though there have been no reported complications after left iliac vein ligation, left iliac vein occlusion can lead to an unpredictable spectrum of symptoms ranging from no symptoms to severe phlegmasia cerulea dolens 6) . Therefore, we tried to find the best way to preserve the left common iliac vein during the anterior L5 vertebral body removal in cases wherein the L5 transverse processes are not involved in the tumor.
In this case, the tumor did not involve the pedicles and transverse processes; thus, the transverse processes were kept in their place to facilitate the ease of anterior vertebral body removal. After cutting and removing the lamina and spinous process posteriorly, second cutting lines were made between the junction of the pedicles and transverse processes bilaterally (Fig. 3) . Thereafter, the vertebral body could be easily removed via the interval space between the left common iliac vein and artery during the anterior operation (Fig. 6) . Owing to the rarity of these cases, the safe interval space for the L5 vertebral body removal between the common iliac vessels still has no consensus. Some surgeons have removed the L5 vertebral body via the interval space between the bifurcation of the common iliac vessels 5) . However, the cranial retraction of the common iliac vessels may cause vascular injury during L5 vertebral body extraction 7) , particularly to the fragile common iliac veins because the bifurcation of the common iliac veins is located anterior to the L5 (Fig. 5) but not the L4 vertebral body, as illustrated in a report 5) . Therefore, from our experience, we determined that safe vertebral body removal was impossible via the interval space between the bilateral common iliac veins.
The anterior vertebral reconstruction of an L5 vertebrec-tomy has many options. We suggest using an expandable lordotic cage filled with liquid-nitrogen-frozen, tumorbearing bone mixed with autogenous bone grafts. The exact height can be adjusted to achieve primary stability such that a third stage posterior approach 8) for compression by posterior instrumentation is unnecessary. By using liquidnitrogen-frozen, tumor-bearing bone grafts, we can reduce the operative time, blood loss, and autograft site morbidity and create a systemic antitumor immune response [9] [10] [11] [12] . In this report, we described a technique for L5 spondylectomy in which the tumor affected only the vertebral body by creating cutting lines between the pedicles and transverse processes bilaterally for increased safety during anterior L5 vertebral body removal. We have also suggested that anterior L5 vertebral body removal should be conducted via the interval space between the left common iliac vessels. For anterior reconstruction, the use of an expandable lordotic cage filled with liquid-nitrogen-frozen, tumor-bearing bone mixed with autogenous bone graft is an effective option for anterior reconstruction both in terms of oncologic safety and biological healing.
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